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On the basis of our theoretical results describing two-dimensional spin-1/2 Heisenberg model in an external 
magnetic field we analyze and interpret known from literature experimental data on magnetization of pure 
3
He 
monolayers on graphite at ferromagnetic coverages. We clarify the experimentally observed temperature depen-
dences for 2D 
3
He magnetization under magnetic fields of different magnitude. The cluster size effect in the 
temperature dependence of the magnetization is studied. We interpret the spin exchange variation in 2D multi-
layered 
3
He system during successive promotion of the second, third and fourth layers over first paramagnetic 
layer strongly coupled with graphite substrate. 
PACS: 75.75.–c Magnetic properties of nanostructures; 
67.30.hr Films. 
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Introduction 
Exchange variation with coverage is a characteristic fea-
ture of two-dimensional multilayered system of nuclear mag-
net 
3
He deposited on planar graphite [1]. The first atomic 
layer strongly coupled with carbon substrate is paramagnetic. 
At coverages 
2> 0.11 Å  the promotion of second atomic 
layer begins. On this stage the second layer is antiferromag-
netic with exchange of order a few millikelvins. At 
20.185 Å  the second layer is completed and third layer 
formation with further helium deposition is accompanied by 
changing of spin exchange in the second layer from antiferro- 
to ferromagnetic [1]. The ferromagnetic exchange increases 
with the third layer promotion and reaches a maximum just at 
completion of the third layer near 
20.24 Å  (so-called 
ferromagnetic anomaly [2]) and then decreases monotonical-
ly as the promotion of fourth layer occurs. 
It is clear that such a behavior is caused by specific evo-
lution of the multilayer structure. At present, it is generally 
agreed that namely nuclear spins of second layer solid are 
responsible for magnetic properties of 
3
He multilayered 
system on graphite [3,4]. The thermodynamics of 2D 
3
He 
in millikelvin region is completely determined by ex-
change processes in the subsystem of nuclear spins be-
cause at such ultralow temperature the lattice excitations in 
the helium system with direct interatomic van der Waals 
interaction of order a few Kelvins are practically frozen. 
As a result, the second solid 
3
He monolayer on graphite 
provides an excellent example of a nearly perfect 1/2-spin 
nuclear magnet on a triangular lattice. At dense coverages, 
in ferromagnetic regime, Heisenberg ferromagnetic (HFM) 
model is quite appropriate to describe magnetic properties 
of the 2D 
3
He. 
In our previous papers [5,6] we develop the theoretical 
description of the HFM in an external magnetic field with 
the aim to interpret experimentally observed magnetic 
properties of ferromagnetic 
3
He monolayers on graphite. In 
this paper we apply the obtained results to clarify the me-
chanism of exchange evolution with total coverage in mul-
tilayered 2D 
3
He system. 
Method 
The Heisenberg Hamiltonian is given by  
 
,
= ,zH J h Sf f f
f f
S S  (1) 
where Sf is the spin-half operator at site, f;  is a vector 
connecting nearest neighbors on a triangular lattice,  > 0.J  
We use the second-order Green function formalism 
based on the decoupling of higher Green functions at the 
second step with introducing vertex parameters to be 
found. The decoupling scheme is as follows [5]: 
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where  and z  are the vertex parameters, = ,
zS  
and angular brackets mean the thermodynamic averaging. 
While decoupling the last spin combination we represent 
z
iS  as =
z z
i iS S  and introduce the vertex parameter 
only in the term containing .z zi jS S  
Another important point is the correct analytical proper-
ties of the approximate Green functions for transverse spin 
components. This condition gives the following equation 
for order parameter  (magnetization per spin): 
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Entering here quantities  and 1b  are found from the 
closed set of equations  
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0  is the coordination number, 
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Other quantities, c1, c2, ,z  ,  ,  can be expressed 
through 1,b  z  and .  Experimentally measured mag-
netization ( )M T  is connected with  by relation 
sat( ) = 2M T M  (where sat = (0)M M  is the saturation 
magnetization). 
At arbitrary temperature the set of Eq. (4) can be 
solved numerically. The developed approach allows us to 
investigate the behavior of thermodynamic quantities at 
various relations between J and h  as well as consider the 
infinite and finite-sized systems. In particular, in the case 
of small fields this method gives a proper description of 
HFM model in the temperature region < < ,h T J  which 
is very important for interpretation of the experimental 
data on 
3
He. 
Figure 1 displays the results of our analytical theory for 
sat( )/M T M  of 16 16  triangular lattice Heisenberg fer-
romagnet at different ratios /h J  in comparison with nu-
merical calculations known from literature. It is seen that 
in the low-field region the results of the present decoupling 
scheme Eq. (2) demonstrate better agreement with quan-
tum Monte Carlo (QMC) data [7] than those obtained with-
in the scheme employed in our previous paper [6]. 
The magnetization ( )M T  of two-dimensional spin sys-
tem on triangular lattice is principally sensitive to the cluster 
size = ,N L L  especially at small magnetic fields [6]. Figu-
re 2 demonstrates sat/M M  as a function of temperature for 
/ = 0.1h J  and 0.001 at different N. For a given value of the 
magnetic field there exists the minimal cluster size N  such 
that for N N  the magnetization per spin becomes practi-
cally independent of N  (thermodynamic limit). The smaller 
is the ratio /h J  the larger is .N  Thus, at / = 0.1h J  the 
quantity 400,N  whereas at / = 0.001h J  the value 
20000.N  The largest N  in Figs. 2(a) and (b) are taken 
to exceed N , so that with further increase in N  all depen-
dences sat( )/M T M  will coincide with the corresponding 
upper curves in these graphs. 
Fig. 1. Temperature dependences of the magnetization for 16x16 
triangular lattice HFM at h/J = 0.858, 0.428, 0.0858, 0.0342, 
0.0122, 5.52∙10
–3
, 8.58∙10
–4
 (from top to bottom): present theory 
(solid), QMC [7] (symbols), and results of Ref. 6 (dashed). 
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From Fig. 2 it can be seen that the size dependence of the 
cluster magnetization is more pronounced in the low-
temperature region. With decrease in ratio /h J  this region 
narrows. At / = 0.1h J  it begins below T J  while at 
/ = 0.1h J  the magnetization becomes obviously size-
dependent only below 0.5 .T J  Moreover, these are pre-
cisely the regions of the most rapid changes of sat( )/M T M  
with temperature. This fact is of principal importance when 
extracting the exchange J  from experimental data. Usually, 
such extraction is made with the help of high-temperature 
series expansions (HTSE). Since the applicability of HTSE 
is restricted not only by large N  but also by the condition 
> ,T J  at small fields it describes the magnetization only in 
a little-informative temperature region, where the value of 
sat( )/M T M  is several orders less than unity. As a result, in 
the case of low enough fields the accuracy of extraction of 
the exchange constant J  from the experimental data with 
the help of HTSE is substantially reduced. 
Results and discussion 
We calculate the temperature dependence of the magne-
tization sat( ) = 2M T M  and apply the calculations to in-
terpret the experimentally observed magnetic properties of 
the second solid 
3
He monolayer on graphite under external 
magnetic field in view of possible cluster size effects. On 
this basis the certain conclusions about structural evolution 
and coverage dependence of the nuclear spin exchange in 
the system under study will be made. 
The saturation magnetization sat = (0)M M  of 2D 
3
He 
significantly depends on the coverage and multilayer struc-
ture. The quantity satM  is clearly related to the number of 
active spins involved into ferromagnetic exchange [2,8]. The 
real measurements of the magnetization cannot be per-
formed at arbitrary low temperatures, so that the direct de-
termination of satM  with high enough accuracy is, as a rule, 
impossible. To extract this value it is necessary to extrapo-
late experimental dependences ( )M T  to the point = 0.T  
Up to now the approximate Kopietz formula [7] has been the 
only method for carrying out such extrapolation. However, 
in view of the fact that the validity of this formula is re-
stricted by too narrow region near = 0,T  an accurate ex-
traction of satM  with its help may break down, especially if 
available experimental data are beyond the temperature 
range where the analytical Kopietz expression can be ap-
plied with assurance. Furthermore, in the case of small clus-
ters and low external magnetic fields the function ( )M T  
rises sharply near zero temperature (see Fig. 1). This is 
another factor complicating the reliable extrapolation of 
( )M T  data to = 0.T  Our analytical results describe cor-
rectly the magnetization of 2D HFM in the whole tempera-
ture region, so that we can expect to fit the theory and expe-
riment only with use of experimental points for intermediate 
and high temperatures. 
Figure 3 displays the temperature dependences of the 
magnetization for the second 
3
He monolayer on an exfo-
liated graphite at an areal density 23.5  nm
–2
. The mea-
surements [9] were made on the same sample, so that the 
sets of the experimental data differ only in the value of the 
magnetic field, whereas the spin exchange constant J  and 
satM  are common for all the curves. Solid lines in Fig. 3 
are the present theoretical results at fixed = 1.725J  mK, 
cluster size =1089,N  and different values of B taken in 
accordance with those used in the experiment. It is seen an 
excellent agreement between the present theory and expe-
riment at all values of B  in the whole temperature range 
where the measurements were made. Such agreement is a 
direct evidence in favor of applicability of HFM at this 
coverage. For comparison, the results for ( )M T  obtained 
in Ref. 9 by Kopietz formula at = 1.9J  mK and = 1000N  
are also shown in Fig. 3. It is seen, that this approximation 
Fig. 2. Magnetization vs temperature at / = 0.1h J  (a), 0.001 (b) 
and different L  (from bottom to top): 5, 7, 10, 25 (a), and 25, 50, 
75, 150 (b). Present theory (solid), HTSE (dashed). 
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is insufficient to describe the temperature region where 
measurement were made. Besides, as our analysis shows, 
at =B  56 and 26 mT we deal with finite-sized system so 
that HTSE is also inappropriate for this case. The quantity 
N  we find to fit the theory to experimental data has a 
meaning of an averaged cluster size. Another approach is 
to interpret N  as an average size of domains in 2D ferro-
magnetic coverage of 
3
He [8]. Anyway, Fig. 3 shows that 
our theory [5] describes correctly the field dependence of 
the magnetization of 2D spin system on triangular lattice. 
Figure 4 illustrates the experimental [8] and theoretical 
[5] temperature dependences of the magnetization at fixed 
magnetic field = 14.3B  mT for five different coverages. 
The exchange J  and cluster size N  chosen to obtain the 
best fit of the present theory to the experimental data are 
shown in Fig. 5. It is seen, that the present theory succes-
sively interprets the experiment for all the coverages. As it 
was shown in Refs. 10, 11 at low ferromagnetic densities 
such as =  20.5 and 21.5 nm–2 the multispin exchange 
(MSE) effects can contribute to the thermodynamics of solid 
3
He monolayers. For these two coverages there exist expe-
rimental measurements [8] at temperatures up to 5.5 mK, so 
that in this case we can check up the applicability of HFM in 
a wider temperature range (see Fig. 4(b)). Figure 4(b) dis-
plays the corresponding dependences ( )M T  completed by 
the high-temperature data. To draw solid lines in Fig. 4(b) 
we take precisely the same values of J  and N  as in 
Fig. 4(a) at < 3T  mK. From Fig. 4(b) it is seen that the 
present theoretical results and experimental data are in 
close agreement not only at low but also at high tempera-
tures. This suggests that the behavior of ( )M T  at =  
= 20.5 and 21.5 nm–2 can be treated with the help of HFM. 
In Ref. 11 it was shown that a pure Heisenberg behavior is 
observed at 22  nm–2 when the exchange constants cJ  
and J  inferred, respectively, from HTSE heat capacity 
and susceptibility data coincide (see Fig. 4 in Ref. 11). At 
=  21.5 and 20.5 nm–2 effect of MSE makes itself evi-
dent in slight difference between cJ  and J  [11]. Such 
conclusions were made on the basis of HTSE calculations 
for an infinite MSE model in zero field. However, at cove-
rages =  21.5 and 20.5 nm–2 we deal with finite-sized 
systems under external magnetic field. To estimate properly 
the multiple-spin contribution in this case it is necessary to 
Fig. 3. Temperature dependences of the magnetization for the 
second 
3
He monolayer on an exfoliated graphite at B  = 113, 56, 
26 mT (from top to bottom), = 23.5  nm
–2
. Experimental data   
[9] (symbols), present theory (solid), results [9] calculated with 
Kopietz formula (dashed). 
Fig. 4. Temperature dependences of the magnetization for the 
second 
3
He monolayer on an exfoliated graphite at B  = 14.3 mT 
and (from bottom to top): =  20.5, 21.5, 22.7, 24.8, 25.9 nm
–2
 
(a), and =  20.5, 21.5 nm
–2
 in extended temperature range (b). 
Experimental data [8] (symbols), present theory (solid). 
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have the solution of MSE model at these specified condi-
tions. 
Figure 5 presents the variation of the exchange constant 
J  and cluster size N  with total coverage. In Fig. 5(a) the 
nonmonotonic behavior of ( )J  is seen, when with increase 
in coverage the exchange constant first increases, goes 
through a maximum, and then decreases. Cluster size N  is 
found to increase monotonically with density (see Fig. 5(b)). 
From our analysis it follows that at 23  nm–2 the ther-
modynamic limit is already reached, ( )/M T N  is indepen-
dent of N, and the 
3
He second monolayer behaves like an 
infinite homogeneous ferromagnet, as it should be at such 
densities. At low coverages clusters are small, and strong 
spin fluctuations near their boundaries affect significantly 
the exchange reducing the average value of J [2,12]. As the 
cluster increases in size, the fraction of spins near its boun-
dary decreases. This diminishes the boundary effects leading 
to a rise in the average exchange constant. When the ther-
modynamic limit is reached, the role of the boundaries be-
comes insignificant, and the value of J is completely deter-
mined by processes within the cluster. 
The saturation magnetization behaves with  in a simi-
lar way as ( )N  (see Fig. 6). The grafoil surface used in 
the experiment [8] was composed of atomically smooth 
platelets with linear size about 100 Å.  From Fig. 5(b) one 
can see that at = 25.9  nm–2 only one ferromagnetic island 
can be placed on a typical platelet. The ratio between num-
ber of clusters at given  and number of clusters at 
= 25.9  nm–2 is shown in Fig. 6. It demonstrates the ten-
dency of the cluster formation. At first with increasing cove-
rage the number of clusters increases, then decreases show-
ing that the clusters merge to become a homogeneous 
ferromagnetic system. 
The treatment of the experimental data in Fig. 4 with 
the Kopietz approximate formula leads to the following 
findings [8]. Entering this formula quantity N  is usually 
identified with an effective cluster size. It behaves similar-
ly to ( )J  first increasing with  and then decreasing 
(open diamonds in Fig. 5). As noted in Ref. 8, this result 
contradicts to the experimentally observed continuous 
growth of the saturation magnetization with density, which 
implies an increase in the number of ferromagnetic spins, 
and, consequently, the growth of the cluster size. In our 
opinion, such inconsistency in the estimation of N  is due 
to the fact that the Kopietz formula is appropriate at rather 
low temperatures. An attempt to apply this formula to the 
Fig. 5. Exchange J  (a) and cluster size N  (b) as functions of 
coverage  that give the best fit of the theory () to the experi-
mental data [8]. The polynomial approximations (solid) and the 
results of Ref. 8 (). Solid lines are drawn by eye. 
Fig. 6. The coverage dependences of the saturation magnetization 
( ). Symbols are the result of fit to the experimental data [8]. 
Solid line is drawn by eye. 
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experimental data in as wide temperature range as possible 
results in an inaccurate estimate for N. 
Figure 7 demonstrates the temperature dependences of the 
magnetization measured by different groups of experimenta-
lists [2,14–16]. The results are obtained at various magnetic 
fields from high enough (113 mT) till very small (0.35 mT). 
In the case of two highest fields the measurements were 
made at dense coverages (large N ) in a wide temperature 
range, including the region where the magnetization is close 
to saturation as well as temperatures / 1T J  where HTSE 
applies. This made it possible to extract the values of J  and 
satM  combining the Kopietz formula and HTSE [2]. The 
quantities J  and satM  found with the help of such proce-
dure agree very well with the results of the present calcula-
tions. In particular, for = 113B  mT we obtain exactly the 
same value of exchange constant J = 2.8 mK. Note, that the 
measurements at = 113B  mT were taken at very high densi-
ty = 38  nm–2 when the third layer is considerably filled 
with 
3
He atoms. The applicability of the 2D Heisenberg 
model for this case is discussed in Ref. 2. 
At =B  14.21 and 6.44 mT there is a lack of low-tempe-
rature experimental data, so that the Kopietz formula gives 
no way for deducing satM  with acceptable accuracy. As a 
result, the exchange constant cannot be extracted definitely 
from HTSE. The situation with ( )M T  at B = 0.35 mT is 
even more complicated. The corresponding measurements 
were made at < ,h T J  and neither HTSE nor Kopietz 
formula are applicable. On the contrary, the present theory is 
suitable to interpret these experiments. The best fit to the 
experimental data for =B 0.35 mT gives 
4= 10 .N  The 
obtained cluster size, even if very large, does not correspond 
to an infinite system due to extremely small magnetic field 
4/ 10 .h J  
Figure 5(b) shows that the cluster size N  monotonical-
ly increases with coverage and the saturation magnetiza-
tion behaves with  in a similar way (see Fig. 6). It means 
that saturation magnetization is in direct proportionality 
with the number of ferromagnetically coupled spins. Both 
curves, ( )N  and sat ( )M  have a characteristic two-stage 
form. The first stage (at 23.5  nm
–2
) with relatively 
high values of derivatives /N  and sat /M  changes 
to the coverage dependence with rather moderate slope just 
at 23.5nm
–2
 corresponding to the third layer comple-
tion [1] and beginning of the fourth layer promotion. The 
function sat ( )M  (Fig. 6) is in close agreement with expe-
rimental dependence sat 3( )M  given in Ref. 13 ( 3  is the 
density of the third layer). Thus, we conclude that our re-
sults support the model of 
3
He second layer in ferromag-
netic regime proposed in Ref. 13 (see also Ref. 8). The 
second layer becomes ferromagnetic during development 
of third-layer islands over completed second one. The 
presence of third-layer spot of average size N  under the 
corresponding group of second-layer spins produces an 
additional local compression of the underlying 2D solid 
due to surface tension under overlying spot and then sup-
press to a some degree the intralayer exchange in the 
second layer because an external pressure reduced ex-
change in the spin system [1,17]. On the other hand, during 
third layer formation the overlayer islands are involved 
into to three-spin interlayer permutations which leads to 
the ferromagnetism [17] in the bilayered system. The pro-
portional to N  average size of the ferromagnetic islands 
grows with total coverage  and, correspondingly, J  and 
satM  increase within the ferromagnetic regime as the total 
coverage  increases. As a result, the maximum of ex-
change is reached exactly at = 24 nm
–2
 where of the 
third layer is just completed. At >  24 nm
–2
 the fourth 
layer (presumable, liquid) becomes to be promoted and the 
number of active spins continuous increase as it is evident 
from behavior of sat ( )M  (Fig. 5(b) and Fig. 6). The local 
consolidation of the third layer due to surface tension from 
fourth-layer islands leads to suppression the exchange fre-
quencies in the system, but the number of magnetically 
active spins slowly increases because of formation of the 
low-exchange ferromagnetic regions in the third layer un-
der adjacent fourth-layer spots. This fact is clearly illu-
strated by magnetization curve belonging to the coverage 
= 25.9 nm
–2
 in comparison with those at = 24.8  nm
–2
 
(see Fig. 4). The first curve lies below the second one prac-
tically in the whole temperature region, except of the nar-
row low-temperature interval where the first dependence 
Fig. 7. Temperature dependences of 2D 
3
He magnetization in 
ferromagnetic regime. Experimental results (symbols) at (from 
top to bottom): = 0.35B  mT, = 24.2  nm
–2
 (Ref. 16); 
= 6.44 mT,B  = 23.3  nm
–2
 (Ref. 14); =14.21B  mT, =  
223.3 nm (Ref. 15); =B  30.5 mT, =  24.4 nm
–2
 and 
= 113B  mT, = 38  nm
–2
 (Ref. 2). Present theoretical curves 
(solid) are fitted at (from top to bottom): J = 1.65 mK, N = 10000;  
J = 2.1 mK, N = 2500; J = 2.05 mK, N = 529; J = 2.15 mK, N = 
= 144; J = 2.8 mK, N = 256. 
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increases rapidly and reaches the value of satM  which 
contains contributions not only from second-layer ferro-
magnet, but also from third-layer low-exchange subsystem. 
Moreover, the curve of satM  at = 24.8  nm
–2
 demon-
strates the same rapid increase at 0,T  although in this 
region it lies lower than previous one. Such behavior of 
magnetization at the dense coverages is evidently con-
nected with the presence of fourth-layer islands. It should 
be noted that from this point of view the mentioned beha-
vior of ( )M T  can be interpreted without proposed in 
Ref. 8 of a magnetic phase transition in the layered 
3
He 
system at very low temperatures. 
On the other hand, at beginning of the second layer 
promotion (at > 11 nm
–2
) over the first layer strongly 
coupled with graphite substrate it evaluates at ultralow 
temperature as a set of compact islands where only ring in-
plane permutations are possible. Interplane permutations 
between first and second layers are depressed because of 
with strong attraction of the first-layer atoms to the gra-
phite substrate. As a result, the many-particle (four, five, 
six, etc.) in-plane ring permutations lead to antiferromag-
netic exchange in the 
3
He 2D nuclear magnet on triangular 
lattice [10,11,18,19], and the mentioned permutations are 
more probable near the boundaries of islands. As the total 
coverage  increases within the second layer promotion 
(11 nm
2 < < 18 nm
–2
), the islands grow and the antifer-
romagnetic exchange increases up to the moment when the 
islands become coalescing and the antiferromagnetic ex-
change decreases with decrease of islands boundary re-
gions and formation of third layer nuclei responsible for 
ferromagnetic contribution to the exchange processes. 
With further decrease in  the ferromagnetism becomes 
predominant. 
Another noticeable feature of the system under study 
is that the coincidence of the experimental dependence 
M(T) with the theory can be obtained (at given cove-
rage ) only at determined average cluster size N. It 
means that at least in ferromagnetic regime the 2D 
3
He 
multilayered system consists of practically independent 
nanoclusters. This fact is in a certain contradiction with 
common assumption about possible domain structure of 
2D helium in ferromagnetic regime [8]. The alternative 
explanation is that an average cluster size is the size of 
third-layer islands which are responsible for three-spin 
ferromagnetic exchange in the system. During promotion 
of the third island-like layer the spots under second layer 
grow and the number of ferromagnetic spins increases 
proportionally. Finally, the third layer is completed, and 
the described process will be repeated by fourth island-
like layer under completed third one, but with reduced 
/N  in view of smaller interaction of fourth-layer 
atoms with substrate (third layer) as compared to the inte-
raction of the third-layer atoms with their substrate 
(second layer). 
Conclusions 
The analytical approach for the 2D ferromagnetic Hei-
senberg model in an external magnetic field developed in 
Ref. 5 which describes properly the thermodynamics of 
infinite and finite-sized spin systems at arbitrary tempera-
tures and fields is applied in the present paper to interpret 
the experimentally observed exchange evolution in 
3
He 
multilayers on graphite depending on total coverage of 
helium deposit. We give a consistent interpretation to a 
great number of experimental data on magnetization of 
3
He 
monolayer on graphite and 
3
He on 
4
He-preplated graphite 
in the ferromagnetic regime. Fitting the present theory to 
the experimental data we extract the exchange constant J, 
saturation magnetization sat ,M  and average cluster size 
N  at given h . Below the thermodynamic limit the shape 
of magnetization curves sat( )/M T M  at / 1h J  is found 
to be extremely sensitive to the cluster size just in the tem-
perature region < < .h T J  Due to the proper description 
of the magnetization for finite-sized systems at interme-
diate temperatures, the proposed theory provides an unam-
biguous extraction of N  from the experimental data. 
For pure 
3
He on graphite we succeed in interpretation 
of experimental data for magnetization ( )M T  measured 
on the same sample at the fixed coverage for different val-
ues of the magnetic field. Under this condition J  and N  
are the same for all dependences ( ).M T  Once the values 
of J  and N  are identified, each theoretical curve ( )M T  
at given B falls precisely on the corresponding experimen-
tal points. An excellent agreement between the theory and 
experiment is a direct evidence in favor of applicability of 
the Heisenberg model. We also interpret the behavior of 
experimentally obtained magnetization curves ( )M T  at 
fixed B  and different coverages. Although the Heisenberg 
model is found to be appropriate at  22.0 nm
–2
 [11], 
we show that it provides a reasonable description for 
( )M T  at =  20.5 and 21 nm
–2
. On the basis of these re-
sults, the coverage dependences of the exchange constant, 
saturation magnetization, and average cluster size are ob-
tained and analyzed. The exchange constant displays non-
monotonic behavior with increasing coverage. It first in-
creases, goes through a maximum, and then decreases. The 
cluster size N  as well as satM  continuously grow with 
total coverage. 
When interpreting experimental results, we have found 
that characteristic behavior of the dependences sat ( )M  
and ( )N  are unambiguously correlated with known stag-
es [1] of ferromagnetic 
3
He multilayer formation. It gives 
us possible to make conclusions exchange evolution during 
multilayered grown of 2D 
3
He on graphite. The ferromag-
netic exchange appears due to contribution of interlayer 
three-particle permutations during promotion of third-layer 
islands over completed second layer. With third-layer 
promotion the excessive pressing from overlayer islands 
suppresses antiferromagnetic intralayer exchange in the 
Structural evolution of ferromagnetic 
3
He multilayers adsorbed on exfoliated graphite 
Low Temperature Physics/Fizika Nizkikh Temperatur, 2013, v. 39, No. 5 567 
second-layer solid, so that three-spin ferromagnetic ex-
change becomes predominant. The exchange constant 
reaches its maximum just at completion of third layer. 
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